Assessing the impacts of different land uses on soil physicochemical properties is a fundamental step towards sustainable land management. This study was conducted in Agedit watershed, northwest Ethiopia with the objective of determining the effects of land use and soil depth on soil physicochemical properties. Three major land use types: natural forest, grazing and cultivated lands were selected while soil samples were collected in the 0-20 and 20-40cm depths. Standard soil analytical procedures were followed in carrying out soil analysis. Statistical analysis revealed notable variations due to differences in land use type and soil depth. Sand and clay particles, bulk density, total porosity, pH, organic matter, total nitrogen, available phosphorus, cation exchange capacity and exchangeable K and Na were significantly affected (p ≤ 0.05 and/or p ≤ 0.01) by land use. In contrast, silt, particle density, carbon to nitrogen ratios, exchangeable Ca, and Mg and PBS were not significantly (p > 0.05) affected. With soil depth, higher mean values of total nitrogen, organic matter, exchangeable K and pH were recorded in the 0-20 cm than in the 20-40 cm depth. A shift from forest to other land use types caused a significant decline on soil fertility parameters which contributed to low agricultural productivity. The study area, therefore, needs immediate intervention to protect the remnant forests and to replenish the degraded soil properties for sustainable agricultural productivity.
INTRODUCTION
Land degradation resulting from land use change has been a major global challenge since the 20 th century and will remain high on the international agenda in the 21 st century (Eswaran et al., 2001) .
Particularly, deforestation and the subsequent conversion of the land into different land uses such as cropland and grazing areas caused significant changes to soil properties in many parts of the tropical regions (Islam and Weil, 2000; Rao and Pant, 2001; Adolfo-Campos et al., 2007) . The amount, rate and intensity of land use changes are mainly considerable in developing countries (Rao and Pant, 2001) .The outcomes of these changes are deterioration of soil physicochemical properties, increased soil erosion or soil compaction (Rao and Pant, 2001 ) and land degradation (Woldeamlak Bewket and Stroosnijder, 2003; Khresat et al., 2008) . As a result, cultivated soils in different parts of the tropics are now below their potential levels.
Ethiopia is endowed with potentially rich natural resources, of which land is the principal one and *Corresponding author: eyayuelza@yahoo.com agriculture is the foundation for the economy of the country. The agriculture sector plays a central role in the life and livelihood of most Ethiopians, where about 12 million smallholder farming households account for an estimated 95% of agricultural production. Thus, the sector provides 85% of all employment and contributes 44% to the country's gross domestic product (GDP) and 85% of the country's export earnings (UNDP, 2014) . However, land productivity is continuously declining due to deforestation, continuous cultivation and inadequate land management practices.
Changes in land use, mainly the conversion of natural forests to agricultural land and settlement, are the most widely practiced activities in Ethiopia (Eyayu Molla et al., 2010) . Such changes and the continuous use of land for cultivation and grazing purposes for centuries resulted in disastrous loss of soil nutrients, particularly in the highlands where erosion is more severe (Betru Nedassa, 2003; Eyayu Molla et al., 2010) . As a result, agricultural activities in the country have increasingly expanded from gentle slopping surfaces in the highlands to steeply sloped areas of the nearby hills and mountain surfaces (Betru Nedassa, 2003) .
In addition to improper land use systems, the traditional farming practices that have been carried out for centuries, inadequate or inappropriate soil and water conservation measures and continuous clearing of forests for cultivation purposes have worsened soil degradation (Eyayu Molla et al., 2010) .
Despite the general understanding of the impacts of land use change as hazards to agricultural productivity, very few studies have been done to quantify the extent, rate and process of soil fertility depletion under different land use and management practices in Ethiopia (Eyasu Elias, 2002 (Islam and Weil, 2000; Chen and Li, 2003; Khresat et al., 2008) . 
Land Use and Farming System
The major land use patterns in the study watershed are indicated in Figure 3 There is a considerable tract of exotic tree 
Laboratory analysis
The Soil bulk density (Db) was determined after the soil was oven dried at 105 °C for 24hr (Blake, 1965) and particle density (Dp) was determined by the pycnometer method. Particle size distribution was analyzed by the Bouyoucos hydrometer method (Day, 1965) . Soil pH was measured using a pH meter in a 1:2.5 soil: water ratio suspension. Soil organic carbon was determined following the wet digestion method (Walkley and Black, 1934) and soil organic matter (SOM) was calculated by multiplying percent of organic carbon by a factor of 1.724. Total nitrogen was determined using the micro-Kjeldahl digestion, distillation and titration procedure (Bremner and Mulvaney, 1982) . Available phosphorus was measured following the Olsen method (Olsen et al., 1954) .
Cation exchange capacity (CEC) and exchangeable bases (Ca, Mg, K and Na) were determined after extracting the soil samples by ammonium acetate (1N NH 4 OAc) at pH 7.0. Exchangeable Ca and Mg in the extract was analyzed using atomic absorption spectrophotometer, while Na and K were analyzed by flame photometer (Chapman, 1965) . Cation exchange capacity was thereafter estimated titrimetrically by distillation of ammonium that was displaced by sodium from NaCl solution (Chapman, 1965) . Percentage base saturation (PBS) was calculated as the ratio of the sum of the charge equivalents of the base-forming cations (Ca, Mg, Na and K) to the CEC of the soil. Total pore space was computed from the values of bulk density (BD) and particle density (PD) as:
Percentage of Total porosity (f) = {1 -Db/Dp}* 100, where Db = bulk density and Dp = particle density.
Statistical analysis
Prior to statistical analysis, treatments were arranged in factorial randomized complete block design format with land use and soil depth as factors. Then, statistical differences between the values for the various parameters of land use type and soil depth were tested using a two-way analysis of variance (ANOVA) following the General Linear Model (GLM) procedure of Statistical Analysis System (SAS) version 9.00 (SAS, 2002) .When significant differences were observed comparisons of means were performed using Tukey's Honest
Significant Difference (HSD) at 5% probability level. Pearson's correlation coefficient was computed to examine the relationship between different soil properties.
RESULTS AND DISCUSSION

Soil texture
Textural analysis showed a significant difference in clay and sand fractions in both land use type (p < 0.01) and soil depth (p < 0.05) while there were no differences due to interaction effect ( (Abbasi et al., 2007) .
The increase in clay content and a decrease in the sand and silt fractions in the lower soil layers could be attributed to the downward migration of clay particles in the soil profile as evidenced Figures 
Bulk density (BD) and Porosity
Soil BD was significantly (p < 0.01) affected by land use, but not (p > 0.05) with soil depth and the interaction effect of both factors (Table 1) . Soils 
Soil reaction (pH)
The soil pH value was significantly affected by land use (p < 0.01) and soil depth (p < 0.05) while their interactions had no effect (p > 0.05) ( (Kumar et al., 2012) . Generally, the soil pH of the study area ranges from 5.20 to 5.80 and was rated as "strongly acidic" to "moderately acidic" as per the soil pH classification by Tekalign Tadesse (1991) .
Soil organic matter (SOM) and total nitrogen (TN)
SOM and TN contents were significantly (p< 0.01) affected by land use and soil depth, but they showed insignificant values by the interaction effect of land use and soil depth (p > 0.05; Table 1 ).
The mean values of both SOM and TN were higher in the natural forest but lower in the cultivated land. However, there was no statistically significant difference between the SOM contents of the forest land and of the grazing land and between that of the cultivated and of the grazing lands (Table 3 ).
An increase in the level of SOM in the forest could have been the result of accumulation of plant residues in the upper few centimeters soil depth and their lower rate of decomposition and disturbances (Khresat et al., 2008 and Saikeh et al., 1998) . Conversely, the decline in SOM contents in the cultivated land could be attributed to the effect of continuous cultivation that aggravates organic matter oxidation and insufficient inputs of organic substrates from the farming system due to residue removal and zero crop rotation. The presence of water erosion in the study area could also contribute for the lower amount of SOM. Thus, the amount of SOM could be rated as forest land > grazing land > cultivated land in the study area.
Considering the soil depth, higher amount of SOM was recorded on the top surface of all land use types (Table 3 ). This is apparent because it is attributed partly to the continuous accumulation of non-decayed and partially decomposed plant and animal residues on the surface soils. In general, 95 Mean values within a column followed by the different letters are significantly different from each other at **P < 0.01 and *P < 0.05. (NS = Not significant; SOM = Soil Organic matter)
by Fantaw Yimer et.al. (2007) and Eyayu Molla et al.(2009) who found a decreasing trend of TN with increasing soil depth and land use type in the eastern and northwestern highlands of Ethiopia, respectively. Obviously, SOM and TN increase surface soil due to large amount of root biomass, external inputs like animal wastes and other plant debris that remain in the top surface soil as compared to the lower soil depths.
The C:N ratios did not show significant differences between land use, depth and their interactions (Table 1 and 3) . However, numerically the overall mean C:N ratios among land use types were higher in cultivated land but lower in grazing land (Table   3 ). In general a C:N ratio less than 10 may indicate the incorporation of low levels of organic matter in the soils of these land use types (Sakih et al, 1998) .
Coupled to this, aeration and increased temperature that enhance mineralization rates of organic carbon than organic nitrogen could probably be the causes for the lower level of C:N ratio in these land use types (Dawit Solomon et al., 2002) . This result agrees with studies by Abbasi et al. (2007) who found lower C:N ratios in the soils of natural vegetation than of arable lands. It, however, disagrees with the results of Sakih et al. (1998) and Fantaw Yimer et al. (2007) , who reported lower C:N ratios for arable soils as compared to soils under forest land. Such discrepancies showed that the results obtained from a C:N ratio may be considered less informative of the SOM quality than the C and N contents alone (Abbasi et al., 2007) .
Available phosphorus (AP)
The amount of AP was significantly (p < 0.05) affected by land use, whereas soil depth and its interaction with land use was insignificant (p > 0.05; Table 1 ). In the forest land it was significantly higher than in cultivated land, while it was statistically similar with grazing land (Table 3 ).
An increase in AP content in the natural forest followed by grazing land could be ascribed to the relative higher organic matter content in these soils as AP was strongly associated with SOM (r 
Cation exchange capacity (CEC)
CEC of the soils in the study area were significantly (p < 0.01) affected by land use, soil depth and their interaction effects (Table  1) . Considering the main effects of land use, the highest (23.27 cmol c kg -1 ) and the lowest (21.44 cmol c kg -1 ) values of CEC were detected under the forest and the cultivated lands, respectively (Table   4 ).
The CEC values in the cultivated land decreased mainly due to the reduction in SOM content. (Table 4 ). In general, the trends on the distribution of PBS showed similarity with the distribution of CEC and exchangeable bases since factors that affect these soil attributes also affect the PBS. 36 Mean values within a column followed by the different letters are significantly different from each other at **P < 0.01 and *P < 0.05. NS = not significant.
Exchangeable bases (Ca, Mg, K and Na)
Exchangeable Ca was dominant in the exchange sites of the soil colloidal materials. This was followed by Mg, K and Na in that order. However, the contents of both exchangeable Ca and Mg were not significantly (p > 0.05) affected by land use, soil depth and by the interaction of both factors (Table 1 and (Table 4 ). The higher content in the forest land could be related with its high pH value and was in agreement with the study reported by Mesfin Abebe (1996) that indicated the relationship between exchangeable K and tropical soils with higher pH. The ranges of mean exchangeable K values observed in this study showed that it was above the critical levels (0.38 cmol c kg -1 ) for the production of most crop plants as indicated by Landon (1991) . Generally, the lower exchangeable K contents in the cultivated and the grazing lands than in the forest land might be due to its continuous losses caused by intensive cultivation and grazing. Previous findings also considered these factors and the application of acid forming fertilizers as major factors affecting the distribution of K in soil systems mainly enhancing its depletion, especially in tropical soils (Baker et al., 1997) . The content of exchangeable Na was significantly affected by land use and soil depth (p ≤ 0.05) while it was not significantly (p > 0.05) affected by land use and the interaction effect (Table 1) . It was higher (0.14 cmol c kg 
CONCLUSION
The empirical data obtained from this study revealed that differences in land use system and soil depth with respect to the measured parameters indicated changes in soil properties. and cation exchange capacity showed significant differences with soil depth. In many cases the cultivated land which was under continuous and intensive cultivation had the poorest soil quality.
Therefore, it is clear from the results that soils of the Agedit watershed responded to changes in land use and soil depth through their features that determine soil fertility and productivity.
These variations in soil quality between land use systems and soil depth are indicators of the risk to sustainable crop production in the study area.
This could be related to frequent tillage practice, 
